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|. BACKGROUND

Under the 1990 Clean Air Act Amendments (Act), the Dallas - Fort Worth (DFW)
areawas classfied asa Moderate nonattainment area However, sncethe DFW areadid
not attainthe NAA QS by its 1996 atainment date, it was reclassfied to a Serious areain
February 1998. The attainment date for a nonattainment area classified Seriousis1999. In
November 1998, Texas submitted a SIP for the DFW area, however, EPA informed the
State, that since the SIP ladked spedfied control measuresfor achieving attainment, the SIP
was found incomplee. This finding initiated a sanctions clock. Texas thenre-submitted a
SIPin April 2000. The April 2000 SIP was found complete and thus stopped the sanctions
clock.

Under EPA policy (July 1998) for nonattainment areas affected by transport, an area
such as DFW, could be granted an attainment dat e extension, if it could be shown that the
DFW area was affected by emissions from an up-wind nonattainment area with a laer
attainment date (eg., Houston) to a deggreethat afectsthe downwind area’ sability to
achieve attainment. This TSD includes a demongtr ation that emissions from the Houston -
Galveston (HG) Severe nonattainment area are affecting the DFW areato a degree that
affects the ared’ sability to achieveattainment. Texas is requesing an attainment date
extension to 2007, which is the attainment date for the HG Severe nonattainment area, the
maximum that can be considered under the palicy.

. APPLICABLE EPA GUIDANCE

The Act reguires ozone nonatainment areas designated serious and above, or multi-
state moderate to demonstrate attainment of the ozone NAAQS through photochemical
grid modeling or any other analytical method deter mined by the Administrator to be at least
as effective. The EPA'sGuideline For Regulatory Application of The Urban Airshed Model
(July 1991) describes procedures which are intended to satisfy the Act’s attainment
demonstration requirements, foster technical credibility, and promote consistency among
UAM regulatory applications. Associated with this Guideline, EPA published the Guidance
on Urban Airshed Model (UAM) Reporting Requirements for Attainment Demonstration
(March, 1994) to assist States in documenting the modeling procedures and reaults, so EPA
can asessthe adequacy of the modeling effort and the resulting control measures, and to
facilitate public review of the proposed SI P revision.

In the October-December 1995 time frame, EPA revised the model el test for
demonstrating attainment of the ozoneNAAQS. The EPA document entitled, Guidance on
Use Of Modeled Results to Demonstrate Attainment of the Ozone NAAQS ( June, 1996)
was developed to better reflects experience gained in model applications since 1991.

In July 1998, EPA released its policy on extension of attainment dates for downwind
transport aress. Texashasapplied this policy to the situation of the HG areainterfering with
the ability of DFW to achieve a@tainment.



1. UAM MODELING ANALYSIS

A. Model Used

The TNRCC used the Comprehensive Air Quality Model with Extensions (CAMX)
vergon 2.01 photochemical grid model to condud both the SIP atainment demonstration
modeling and the downwind trangoort modeling for the DRV ozone nonattai nmert area.
Texas demondrated that CAMx performed better than UAM verdon |V, the regulatory
model, in the HG nonattainment area and petitioned EPA/6 to approve its use in the DFW
nonattainment area. EPA/6 approved the use of CAMXx for the DFW 0zone nonatt ainment
area. The TNRCC's modeling activities were performed as outlined in a series of the
modeling protocols, according to EPA's " Guideline for Regulatory Application of the Urban
Airshed Model" (Guideline). The final modeling protocol developed by the TNRCC was
submitted in August 1999. Ther protocol was reviewed and approved by the EPA/6.

B. Episode Selection

EPA’s Guideline sets forth a recommended procedur e for selecting ozone
exceedance episodes gopropriate for conducting amodeing demongration. This
procedure, in part, considers wind rose analyses based upon the four morning hours of 0700
t01000 standard time. These wind rose analyses are used to define the meteorological
patterns for source-receptor relationships associated with high ozone events. TNRCC used
thismethod for defining meteorologicd paterns. The number of 0zone exceedance days
for the peiod, 1990 - 1996, asxociated with each meteorological pattern was identified.
The most prominent meteorol ogical pettern was calm (i.e., wind speeds < 3mph) category
with 70% of the ozone exceedance days. The second most prominent meteorological
pattern wasthe southerly wind direction category with 25% of the ozone exceedance days.

Table 1. Candidate Episodes for Modeling

DATE Morning Wind Direction | Maximum 1-Hr Ozone | Remarks

06/03/95 Calm 135 ppb

06/13/95 Calm 135 ppb

06/21/95 Calm 144 ppb

06/22/95 Calm 135 ppb

07/12/95 SSwW 146 ppb

07/13/95 Calm 159 ppb

07/14/95 Calm 126 ppb

07/28/95 SSW 126 ppb

08/26/95 Cam 144 ppb

07/03/96 WNW 144 ppb enhanced aerametic monitors
09/06/96 Calm 139 ppb enhanced aerometic monitors

To be more applicable to the most currently available emissionsinventory (i.e., the
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1996 Periodic) and to be more representative of recent meteorological conditions, TNRCC
limited the candidat e episodes to 1995 and 1996. A total of eleven ozone exceedance days
(see Table 1) were identified as candidates for modeling. Ten of these ozone exceedance
days wer e associated with cams or southerly winds. The eleventh day, July 3, 1996,
occurred during a period of enhanced aerometic (i.e., meteorological and air quality)
monitoring. The enhanced aerometric monitoring conssted, in part, of additional surface ar
guality monitoring (e.g., gas chromatographs), upper air meteorological monitoring (eg.,
accoudtic sodars), and some arr craft air quality sampling. In addition, July 3™ was preceded
by two days with southerly winds and rel&ively high ozone (i.e., 112 - 114 ppb). TNRCC
selected June 21 & 22, 1995, which form a multi-day episode, as two of the necessary three
episode daysto model from the calm meteorological regime. These two days also had 1-
hour exceedances fairly close to the current ozone design value (i.e., 139 ppb), and had
relatively high maximum 8-hour aver age ozone concentrations (i.e., 125 and 120 ppb,
respectively). TNRCC did not select any other ozone exceedance days from 1995,
including the ozone exceedance daysduring July 12 - 14, 1995. The maximum 1-hour
ozone on the 13" & 14" of July were notably higher and lower, respectively, than the
current design vaue, as well as both being associated with the calm meteorological regime,
whichis already represented by the selection of June 21- 22, 1995. However, the 12" was
associated with southerly winds and had aréatively high maximum 8-hour average ozone
concentration (i.e., 124 ppb). However, for the third episode day, TNRCC selected July 3,
1996. The rationale for this selection appears to be that it also represents southerly winds,
sincethe two days prior exhibited southerly winds and that it occurred during the period of
enhanced agrometric monitoring.

To minimizethe potentia influence of initial conditions, TNRCC modeled several

days prior to these exceedance days forming two modeling episodes. June 18-22, 1995 and
June 30 - July 4, 1996.

C. CAMx Modding Domain

TNRCC used ardatively large modeling domain (Figure 1.) to minimize the
influence of uncertainboundary conditions and allow an assessment of regonal transport.
Asseeninfigure 1., thelarge grid (i.e., 32km x 32km) domain extends from a southwest
Universal Transverse Mercator (UTM) coordinate (-300 UTM(E) by 2824 UTM(N), Zone
15) well inside Mexico to anortheast coor dinate (1204 UTM(E) by 4136 UTM(N), Zone
15) just ingde southeastern Kertucky. Within the large grid domain are two nested
domains. Thefirst nested domain, with 16kmx 16km grids, covers most of East Texas with
the southwest corner at coordinate -124 UTM(E) by 3192 UTM(N), Zone 15 and the
northeast corner a coordinate 452 UTM(E) by 3832 UTM(N), Zone 15. The second
nested domain, referred to as the core domain with 4km x 4km grids, encompasses the four
county DFW nonattainment area, aswell as anotable areato the east, west and south. The
southwest corner of the core domainisat coordinate 16 UTM(E) by 3524 UT M(N), Zone
15 and the northesst corner isat coordinate 248UTM(E) by 3724 UTM(N), Zone 15. This
domain encompasses all the mgjor emisson sources, and all surface and upper aerometric
monitors pertinent to the DFW area for the two episodes sdected. Actually for point
sources within Texas, emissions levels of 10 tpy or greater were included.

The CAMx model uses fixed vertical layering (i.e, constant depthsin time and
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space), unlike the UAM-1V which uses layers of varial e thickness over time and space.
The use of fix layering is an improvement of CAM x over UAM-1V, in part sincethe
meteorologica models use fixed vertical layering. Thus, the layering between the
meteorologica and photochemical model can be coordinated to minimize the amount of
interpolation needed to map the vertical distribution of the meteorological parameters (e.g.,
wind speed, mixing coefficients) from the meteorological nodel to the photochemical
modd. TNRCC set up the vertica structure for CAM x with eight layers extending from the
ground surface to 3030 meters (agl). Thelayer thick ness increases monotonically from the
lowest layer with a thickness of 20 meters to the eighth layer with a thickness of 910 meters.
This vertical dructure isusedfor dl threehorizontd grid zones Typicd summer afternoon
mixing heights for the DFW area are 2000 meters (agl) (Holzworth, 1972). These are also
the highest mixing heights for the entire modeling domain. Although, the top of the highest
vertical layer (i.e., 3030 meters) appears to be well alove the typicd summer afternoon
mixing height, the thickness of the highest layer (i.e., 910 meters) suggeststhat only one
layer will be representing the meteorological parameters above the mixing height.

D. Medeorological | nputs

TNRCC developed the meteorological inputs to CAMX using the System
Application | nternationa Mesoscae Modd (SAIMM), which isaprognostic mesoscale
meteorologica model with four dimensional data assimulation (4DDA). Thismodel isan
adaptation and enhancement of the Colorado State University Mesoscde Modd (CSUMM).
EPA previously accepted TNRCC' s useof the CSUMM for the phase | modeling of the HG
and B/PA modeling domain along the Gulf Coast. EPA’s acceptance was based upon the
justification that a mesoscale prognostic model was needed to adequately replicate the land-
sea breeze and inter- urban ar ea transport featur es which appear to be typical of conditions
associated with ozone exceedances along the T exas Gulf coast. Although the
meteorological features of the DFW area are not as complex, EPA/6 has accepted
TNRCC's use of SAIMM for the DFW attainment modeling. This acceptanceis primarily
based upon the capability of SAIMM to simulate dynamically balanced meteorological
parameters providing better inputsto CAMX then could be developed using the Diagnostic
Wind Model. Thisincludes simulation of meteorological parametersin data spar se regions
of the domain, and smulation of scaars (e.g., temperature gradients) in both time and
space. SAIMM a0 simulates values for the vertical exchange coefficient (i.e., Kv), which
isrequired by CAMx. The Kv's are used in CAMX to control the extent of the vertical
mixing. Thus CAMX does not use mixing heightswhich are inputs to UAM-1V and used to
limit the vertical mixing. Whereas the mixing height isa measurable meteorological
parameter, the Kv is an unmeasurable surrogate controlling the mixing between layers. The
verticd layer a which the magnitude of the Kv is insufficient to generate mixing is
analogous to the mixing height. Thus the vertical distribution of the Kv’s can be compared
to mixing height measurements to determine whether the Kv's are generating the
appropriate amount of vertical mixing.

The 4DDA capability of SAIMM allows for the “nudging” of certain mulated
meteorological parameters (e.g., winds, temperature) with observed monitored data.
Routine surface meteorological datafrom TNRCC's Continues Air Monitors (CAMS)
network, local city-county programs, the FAA, NDBC, and National Weather Service
(NWS), which includes twice daly NWS upper air soundings, were avail able for both
episodes. Inaddition, the July 1996 episode occurred during an enhanced aerometric
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monitoring period, with additional upper air meteorological monitoring (e.g., acoustic
sounders) which covered a portion of the core DFW area. Further, for the 1996 epi<ode,
additional doft measurements of wind speed and direction were obtained from the MIT
Lincoln Laboratory. Thisaloft wind datais collected a nine sites surrounding the DFW
airport.

After reviewing the data, TNRCC determined that aportion of the avail eble data
would be excluded. This excluded dataincluded some NWS sites in geogr aphical regions
where TNRCC CAMS or locd city-county program sites were located. The TNRCC and
local city-county sites typically collect surface surface meteorological data. TNRCC's
rationale for excluding the NWS data was that the NWS data is a once per hour
“instantaneous’ obervation, whereasthe data fromthe CAM Sand local city-county
program sites are hourly “averaged” observaions, and thisdifference constituted an
inconggency of input to the model. However, TNRCC did usethe NWS data for “ data
Sparse” areas.

The SAIMM was goplied for thetwo episodes inthe following manner. First, an
application was made to a large (regional) domain, slightly larger than the CAMx large
domain, with a southwest UTM-Zone 15 coordinate of -540 km (E) by 2648 km (N).

This large SAIMM domain was horizontally configured at a grid size of 16 km by 16 km,
extending 123 grids to the east and 107 grids to the north. Since the SAIMM determines
parameter values at the grid intersections rather than grid centers, the large CAMx domain,
with 32 km by 32 km grids will have grid centers that match with every other SAIMM grid
intersection of the regiona domain.

The second application of SAIMM was for a core domain with a southwest UTM-
Zone 15 coordinate of 0 km (E) by 3364 km (N) with 4 km by 4 km grids, extending 62
grids to the east and 90 grids to the north. This puts the SAIMM core domain wholly
within the first CAMXx fine grid (i.e., 16 km X 16 km), while encompassing the CAMx
second fine grid (i.e., 4 km X 4km). So the large SAIMM domain was used for the first
CAMXx fine grid, however, the 16 km X 16 km grids for these two domains exactly overlap
one another. Therefore, the meteorological parameters had to be horizontally
interpolated. Since the SAIMM core domain encompasses the CAMx second fine grid
domain, it was used for determining the meteorological parameters. However, again, the
4 km X 4 km grids for these two domains exactly overlap one another, requiring the
meteorological parameters to be horizontally interpolated. In addition, the northern
boundaries of the 4 km X 4 km grid domains exactly overlap one another, which does not
allow for any buffering from the assumed meteorological boundary conditions.
Additionally, the SAIMM was implemented separately for the regional and core domains,
which resulted in notable differences in the simulated meteorological parametersin those
grid cdlls coincident between the two domains. T hese differences are duein part to the
different grid cell size (i.e., 16km vs 4km), as well as the differences in the data used for the
4DDA application. TNRCC addresses the discrepanciesin the winds by replacing the wind
component values in the grids coincident between the two domainswith a value derived
using weighting factors applied to the regional and core wind values.

Thevertical strucure usedinthe SAIMM applicationswasthe same for both
episodes and both the regional and core domains. The vertical structure consisted of 19
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layers extending from the ground surface to 8000 km (agl). The layer thicknesses (depths)
are monotonically increasing with elevation. Information supplied ina previous transmittal
from TNRCC, dated April 21, 1998, in regponse to comments on the modding protocol,
indicates that the consistency of the layering structure between the SAIMM and the CAMX
extendsthrough the center of CAMx layer 6 (i.e., SAIMM layer top 1050m). Thissuggeds
that interpolation is used for winds and thermodynamic parameters in mapping SAIMM
results to CAMX layerssevenand eight. A couple of rather odd features of the
meteorologicd modeling isdepicted in figure 2, agraphic showing the temporal didribution
planetary boundary heights (PBLS) estimated from the model generated Kv's. The
planetary bounday heights are equivalent to mixing he ghts and indicate the extent of
vertical mixing. As figure 2 shows, the extent of the afternoon vertical mixing (i.e., about
1500 meters) is notably less than typical summer afternoon mixing height (i.e., about 2000+
meters) for the DFW area In addition, the* collgpse’ of the PBL valuesinthe late
afternoon (about 1800 hours CST) seems earlier than would be expected, sincelae
afternoon summer temperatures in the DFW area remain quite high and this would suggest
more vertical mixing.

The smulat ed meteorological parameters from the 19 layer, 4km X 4km horizontally
gridded SAIMM were “mapped” into the 8 vertical layers and variable nested grids of
CAMX using a post-processor program called MM2CAMX. For the most part MM2CAMX
interpolates the fields of meteorological parameers simulated by SAIMM into fields
consistent with the CAMx vertica and horizonta grid structure. In performing the
interpolation, two differing features of the SAIMM and CAMx are addressed. FArg,

SAIMM smulates fields of meteorologica parameters horizontdly at grid “points” and
CAMXx at grid “centers” Asmentioned above, the 16km X 16km SAIMM domain was off-
set one-half grid cell from the CAMx domainto alleviate for this interpolation. The

second feature gppliesto the vertical, SAIMM smulates fields of the horizonta wind
components a the layer interfaces and the other parameters at the layer centers, wher ess, dl
input meteorologicd parameters to CAMXx are for the layer centers. The exception to this
are the Kv' s which goply a the CAMx vertical layer interfaces To minimize the amount of
interpolation in the vertical, the layering structure of SAIMM and CAMX are coordinated so
the SAIMM layer interfaces where the wind components and Kv's are simulated,
correspond to CAMX layer centers.

E. Boundary and Initial Conditions

Thelaeral boundary (perimeter) of the regional modeling domain was divided into
three segments. western, southern and northeastern. With reference to figure 1, the western
boundary segment extended from Brownsville on the south, northwesterly along the
Texas/ Mexico border, then north to the Oklahoma-Kansas border, and findly easterly to the
border with Missouri. The southern boundary represents the segment over wat er, extending
east from Brownsville and south from the coast of the Florida pan-handle. The northeast
segment composed the remainder of the boundary extending north from the coast of the
Florida pan-hand e on the east side and ead from the Kansas/Missouri border onthe north
side Table 2 summarizes the chemical species concentrations used for each of the boundary
segments. With the exception of ozone concentrations for the northeast segment, the values
in Table2 were constant. 1n addition, the concentrations listed for the western boundary
are the background default values. For sx of the chemica species methanol, ethanol,
isoprene, CO, NO & NO2, non-EPA default values were used for either the southern or the
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northeastern boundaries or both. These non-EPA default values were the same as those
used in the “Fina Report: Future-Y ear Boundary Conditions for Urban Airshed Modeling
for the State of Texas (Yocke, et a, 1996).” The ozone concentrations for the northeast
segment were varied both spatialy and temporaly. TNRCC used ambient monitored ozone
concertrations from 13 AIRS sites within dose proximity to the northeag boundary
segment to estimate the zone boundary concentrations. Aninverse distance-squared
weighted average ozone was determined from the 13 sitesto each grid cell dong the
northeastern boundary segment for each hour of the two modeling episodes. For the daily
period, 0700 - 1700 hours CST, it appears TNRCC used these weight ed aver age ozone
values for the boundary cells up through the 7" vertical leve (i.e., 2120 meters). The ozone
concentration for the 8" vertical level (i.e. the top layer) for this daily period was

Table 2. Boundary Conditions

Boundary Segment Concentration (ppb)
Chemical Species North east West South
Ozone Spatially Interpolated 40 40
Carbon Monoxide(CO) 200 200 100
nitric oxide(NO) 0.1 0.1 0.01
nitrogendioxide (NO2) 1.0 1.0 0.5
nitrogen oxides (NxOy) 0.0001 0.0001 0.0001
nitiic add (HNO3) 0.001 0.001 0.001
nitous add (HONO) 0.001 0.001 0.001
aldenydes (ALD2) 0.555 0.555 0.05
ethane (ETH) 0.51 0.51 0.15
formaldehyde(FORM) 21 2.1 0.05
olefins(OLE) 0.3 0.3 0.05
parafins(PAR) 14.94 14.94 7.6
toluene (TOL) 0.18 0.18 0.0786
xylene (XYL) 0.0975 0.0975 0.0688
isoprene (1SOP) 3.6 0.1 0.001
cresd (CRES) 0.001 0.001 0.001
methylglyoxd (MGLY) 0.001 0.001 0.001
open hydocarbons(OPEN) 0.001 0.001 0.001
peroxyacetylnitrate (PAN) 0.001 0.001 0.001
peroxynitric acid (PNA) 0.001 0.001 0.001
hydragen peroxide (H202) 0.001 0.001 0.001
methanol (M EOH) 85 0.000001 0.000001
ethanol (ETOH) 11 0.00001 0.00001

the average of the weighted average ozone value(i.e., in the 7" layer) and a value of 40
ppb, whichisthe EPA default for the modeling domain top. For the daily periods, 1800 -
2300 and 0000- 0600 hours CST, it appears TNRCC used these weighted aver age ozone

7



valuesfor the boundary cellsup throughthe second layer, presumably to emulae thedepth
of the nocturnal inverson. For the next three layers (i.e., layers 3, 4 & 5), the ozone
concentrations were estimated by multiplying the weighted average ozone value of the first
two layersby 1.5, 2.0 & 2.5, respectively. For the remaining three layers (i.e., layers 6, 7 &
8), the ozone concentrations were presumably estimated by multiplying the weighted
average ozone value of thefirg two layers by 2.0, 1.5 & 1.0, respectively.

The EPA default background vaues (i.e, the vauesfor the western boundary in
Table 2) were used for thetop of the modeling domain boundary.

The initial conditions were developed from surface monitored O3, NO, NO2, & CO
concentrations. For those surface layer grid cellswhich had no near-by monitors, default
values of 20ppb O3, 0.1ppb NO, 1.0ppb NO2 and 200ppb CO wereused. TNRCC's
rationale for these default values was that the simulation begins at midnight and that these
are typica midnight values as reported in the EPA AIRS database. EPA background
default concentrations wer e used for the other chemical congtituents. To minimize the
influence of the initia conditions, TNRCC did employ two start-up days for each of the
episodes instead of the EPA recommendation of at |east one.

F. Emissions Inventory

TNRCC developed two major types of modeling emission inventories, one type
representing the actual emissions that occurred during the spedfic episodes, and another
type representing the projected emissions expected to occur at the atainment date (i.e.,
2007). The episode specific modeling emissions, termed the “ base case”, were used to
evaluate the model’s (i.e., CAMX) reliability in replicating the ozone exceedances that
occurred during the episode  The 2007 projected modeling emissions, termed the “future
cax” were used to estimate theoverall leve of reductionsinV OC and NOx needed to
achieve atainment.

EPA’s recommended emissions processing system for developing base case and
future case modding emissonsinputsto photochemicad modesiscaled EPS2.0. EPS2.0is
a composite of emission processing componerts specific to the various emission source
categories, i.e., poirt, area, on-road and off-road mohile, and biogenic sources. The input to
EPS2.0isatypica ozone season emissions inventory. For base case modeling emissions,
these 0zone season emissions are adjusted for pertinent conditions related to the episode
days to bemodded, produdng day-specific emissions as the output from EPS2.0. For
future case modeling emissons, abase year (eg., 1996) 0zone season emissions inventory is
adjusted for growth and controls producing the attainment date projected emissons as the
output from EPS2.0. For a number of the emission source categories (e.g., on-road mobile)
TNRCC used g ae-of-the-science methods which produced better estimates of the day-
specific emissions than EPS2.0.

1. The DRV Bas Case Modeling Emissons|nventory

TNRCC used an enhanced proprietary version of EPS2.0, developed by SAI and
sold asFast-EPS, in devel oping the point, area and off-road mohile source emissons In
addition, as indicated above gate-of-the-science approaches were used for the on-road
mobile emissions within the core domain and for the biogenic emissions in both the regional
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and core domains. On-road mohile source emissonsfor the regiond domainwere
developed differently for different geographical segments. For that portion of the regional
domain that constituted the COAST domain used for the HG SIP, on-road mobile source
emissions wer e derived from those used in the HG SIP modeling. For that portion of the
regional domain that covered the remaining 95 counties in East Texas, recently devel oped
NET on-road emissions data (i.e., by TNRCC) were used with Fast-EPS. The on-road
mobile sour ce emissions for the remainder of the regional domain wer e developed from the
EPA NET datainput to Fast-EPS.

Subsequent to the development of theinitia base case modeling emissions
inventory, anumber of changes were made due to changes in the modeling doman
structure, as well as, changes in the emissions data itself. The changes to the horizontal
structure of the modeling domain involved a redudion in the geographical sze of the core
domain to approximately just the 12 counties of and around the 4-county DFW
nonattainment area, and the creetion, out of the Regional domain, of a sub-domain
encompassing the new core domain, as well as the remaning 95 courties in East Texas.
Thustherevised modding domain, as shown in Figure 3, was composed of three domainsin
a serial nested fashion. There were a series of changes to the actual emissions data that
resulted ina series of base case modeling emissions inventories, each constituting a
refinement or correction to an error.

a. Point Sources

The point source modeling emissions wer e developed by considering two sub-
categories and four geographical regions. The sub-categories were eectrica generating
units (EGU’s) and all other point source categories, i.e., non-EGU’s (NEGU’s). The four
geographical regionswere: the Sate of Texas within the modeling domain, the off-shore
region (i.e., Gulf of Mexico) within the modding domain, the State of Louisana, and al
other states within the regional modeling domain. T hus, seven point source modeling
emissions fileswere initially developed using Fast-EPS and then merged together for input
to CAMx (note that there areno Off-shore EGU'’s).

Seveal data sourceswere accessed to gather the inputsfor Fast-EPS. Emission
data for most EGU’ s is available from the EPA Acid Rain Program Data Base (ARPDB)
and/or thedata base compiled for the EPA NOx SIP Cdl. In addition, hourly emissions for
some EGU’ s were available from T exas Utilities and Houston Light & Power (Reliant
Energy). These three sources of data provided the bulk of the emissions data for the three
on-shore geographicd regions. TNRCC mairtains a Point Source Daa Base (PSDB) from
whichthe emissions datafor NEGU’s within the State of Texas was gathered. The initial
emissions data within the PSDB that was used corresponded to the 1996 Periodic Emissions
Inventory (PEI), compiled in accordance with the 1990 FCAAA. The NEGU data for the
State of L ouisianawas gathered from their 1996 PEI. The LouisianaDepartment of
Environmental Quality (LADEQ) indicated that the 1996 PEI was superior to the 1996
National Emissions Trends (NET) data base. For the remaining states within the modeling
domain, the NEGU emissions data were taken from the data base compiled for the EPA
NOx SIP Call. TNRCC used the model-ready, 1993 episode specific off-shore point source
file. Thisfile was originally developed by SAI froma 1992 MM Semissions inventory for
the 1993 COA ST/GMA QS modeling project.



Most of the state-of-the-science photochemical air dispersion models (e.g., CAMX) include
an optionto model some point sourceswith aplumin-grid (PIG) feature The PIG feature
resultsin a periodic release of the point source emissions potentially over several grid cells,
rather than immediately into asnge grid cell. TNRCC selected 187 point sourcesfor PIG
treatment. Themgority of these sources were EGU’s located in and around the 4-county
DFW nonattainment area. Where selected PIG sources were in close proximity, they were
combined into one source. In thisway, TNRCC reduced the number of PIG sources to 99,
which somewhat lessened the computational time required by the model to process these
Sources.

b. Area and Off-Road mobile Sources

TNRCC developed the modeling emissions for the area and off-road mobile sources
as one entity, since they are treated very similarly in Fast-EPS. In addition, some what
similar to the point sources, three modeling emission files were devel oped for each of three
geographical regions and then merged. The three geographical regionswere: the original
4km X 4km, “core’ modding sub-domain, the off-shoreregion (i.e,, Gulf of Mexico) within
the modeling domain, and the remainder of Texas as well asal other states within the
regional modeling domain.

The original 4km X 4km, “core” modeling sub-domain covered wholly or in part 56
counties; of this, 37 counties comprise an area reerred to as the D-FW Study Area Grid.
TNRCC contracted with the North Central Texas Coundl Of Governments(NCTCOG) to
gather and devel op emissions data for specific area and off-road emisdon source categories:
refueling at gasoline stations, arcraft, railroad, recreational boating, construction
eguipment, and residential lawn mowing within the 37-county D-FW Study Area Grid. In
addition, the NCTCOG investigated the previously un-inventoried non-driven vehicles,
which primarily include urregistered vehicles on car lots. NCTCOG conducted special
studies to gather new emissions rd ated dataupon which they devel oped daly emissions for
each of the above mentioned categories for the 37-county D-FW Study Area Grid. The
spatia resolution of the daily emissions was county-wide, and also by zip code area. The
exceptionsto thiswere for recreationd boating, which was by individua lake, and aircr aft
support equipment, which was by individual airport. TNRCC developed special surrogates
based upon zip code area and based upon individual |&kes, for the respective source
categories, to spatidly dlocate the emissons by grid cell.

Daily emissions for the area and off-road sour ce categories not included in the
NCTCOG contract were developed by TNRCC staff from the 1996 PEI. The spatial
resolution of these emissionswas county-wide ony. And they were atially allocated to
the various grid cellswithin the 37-county D-FW Study Area Grid us ng the standard Fad-
EPS surrogates (e.g., population dengty). For those area and off-road source categories
that are assigned a geographical surogate, NCTCOG developed updatesto the standard
United States Geological Survey (USGS) Land UseLand Cover (LULC) datafor the 37-
county D-FW Study Area Grid.

TNRCC estimated the daily emissions in the remainder of the 56 counties (i.e., 19
counties) by multiplying the Collin county daly emissions of each area and off-road source
category by the ratio of the specific county’' s population to that of Collin County.
Apparently, TNRCC considered the Collin county emissions to population density to be
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similar to the other 19 counties.

Smilar to the off-shore point sources, TNRCC used the modd-ready, 1993 episode specific
off-shore area and off-road source emissions file. Thisfilewas originaly developed by SAl
froma 1992 MMS emissionsinventory for the 1993 COA ST/GMA QS modeling project.

The areaand off-road emissonsfor the remainder of the modding domain were
developed using the data from the 1996 NET. The NET datais for an ozone season day at
acounty-wide spatid resolution. T hisemissons data was spatially dlocated to the 16km X
16 KM original regional domain usgng surrogates developed by ENVIRON, under contract
to TNRCC. The geographical surrogates, developed by ENVIRON were based upon the
standard USGS LUL C data.

Different chemical speciation profiles of the VOC emissions for amajority of the
various area and off-road source categories were used ingead of the default profiles
provided inEPS2.0. These profileswere developed by ENVIRON & DRI and SAI under
contracts to TNRCC. The profiles developed by ENVIRON & DRI focused primarily on
VOC' s from gasoline and diesel fuel combustion and evaporization. The chemical
speciation profiles from SAl had been developed for the COAST study. The profiles
developed by SAl were used for the various area and off-road source categories, for which
profiles were not developed by ENVIRON/DRI. These chemical speciation profiles applied
to over 80% of the area and off-road VOC emissons The EPS2.0 default profiles were
used for the remaining source categories.

In general, EPA/6 feds the procedures TNRCC used to develop the area and off-
road source emissons & e acceptable

¢. On-Road Mobhile Sources

The on-road mobile source emisdons were developed for five separate geographical
regions:

1. Thefive county region covered by the D-FWRTM,

2. The remaining 32 countiesof the 37-county D-FW Study Area Grid,

3. The eleven counties comprising the HG and BPA nonattainment areas,

4. The remaining Texas counties within the modeling domain, and

5. All the other gtates or portions of states within the regional modeling domain.

Modeling emission files were developed for each of these regions and then merged to get
the final modeling files.

The 5-county D-FWRTM region consists of the four DFW nonattainment counties
as well as Rockwall county (seeFig. 1). The on-road emissions for this region were
developed by NCTCOG uwsing atravd demand model (TDM) and the MOBI L E5aemission
factorsmodel. The TDM estimates VMT and speeds on roadway links comprising the
roadway network covering the D-FWRTM region. These results are used with MOBILESa
results (e.g., gramsVMT for LDGV a 35mph) to generate exhaust emissions on the
various roadway links. The diurnal and hot-soak emission, aswell as the exhaust emissions
arising from traffic on local streets were developed somewhat differently. While the
emission factors were still developed usng MOBIL E5a, NCTCOG dlocat ed the emissions
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to traffic area zones (TAZ) rather than roadway links This provided the opportunity to
spatially and temporally allocate these emission types (e.g., hot-soaks) to the geographical
location where they predominately occur. From the data supplied by NCTCOG, TNRCC
intially developed two modding emission files, one based onthe TDM and one based on
the TAZ's, using EPS2.0. These two files were subsequently merged.

The data supplied by the NCTCOG wasdivided into 15 different time periods per
day for both episodes. There was one time period for each of the hours from 0500 to 1900
hours CST (i.e., 14-hourly periods), plus one time period for the overnight hours (i.e.,
2000-0400 CST). TNRCC applied a uniform tempora distribution to the emissions in the
overnight time period to disaggregate it into 10 hourly time periods with equal emissions.

The chamical speciation profiles developed by ENVIRON & DRI under contrect to
TNRCC were used instead of the default profiles in EPS2.0. Specifically, ENVIRON &
DRI developed profiles for gasoline and diesel exhaust, gasoline vapors and liquid gasoline.

TNRCC aso adjusted the emisdons to account for differences between Highway
Performance Measurement System (HPMS) Vehicle Miles Traveled (VMT) estimates and
those generated by the TDM. TNRCC multiplied both the link-based and zone-based CO,
NOx & VOC emissionsby 1.056 to adjust for HPMS.

The on-road emissions for the remaining 32 counties of the 37-county D-FW Study
Area Grid were also developed by NCTCOG. Using county-wide HPMS VMT estimetes
for each of eight HPM S roadway types (i.e., functional classes) and the MOBILES5a
emissions factor model, NCTCOG estimated the county-level emissions. TNRCC
developed roadway links ud ng the roadway data files from the 1990 U.S. Census Bureau.
Since these data files have fewer roadway type designations, emissions from the seven major
HPMS functional classes were consolidated into two of the Census Bureau file designations:
Interstate Highway, and State or U.S. Highway. TNRCC spatially allocated the exhaust
portions of these two roadway types by the length of the link. For the diurnal and hot-soak
emission, as well as the exhaust emissons on the minor HPM S functional class, the spatial
allocation was by population. For the diurnal temporal allocation, TNRCC used week-day
and week-end diurna profile previousy developed for BPA, which isaso characterized by
relatively small urban areas.

TNRCC chemically speciated the VOC sfor this geographic region using the default
EPS2.0 profiles, rather than the profiles devd oped by ENVIRON/DRI or SAl.  Similar to
the emissions modeling file development for the 5-county D-FWRTM region, TNRCC
initially developed two files which were later merged.

Gridded hourly on-road emissions for the eleven HG and BPA nonattainment
counties were previously developed by Texas transportation Institute (TTI) for the COAST
project. Thisincluded gridded hourly on-road emissions forecasted to 1996. TNRCC used
the 1996 forecasted emissions for August 19", which was the day in 1993 for which the
highest ozone concentration was recorded in Houston, for dl DFW episode days. Since the
1996 forecasted emissions were already spatially and temporally allocated, these procedures
were not needed. However, TNRCC did re-speciate these emissions using the on-road
chemical speciation profiles developed by ENVIRON/DRI.
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For the region comprigng the remaining Texas counties, TNRCC used the on-road
emissions developed by TTI for inclusion in the 1996 NET. TTI used county-wide HPM S
VMT estimates for each of the HPM S functiond classes and the MOBILE5a emissons
factor model to estimate the county-level ozone season daily emissions. These county-level
emissions were spatially allocated, again using the consolidation of the HPM S functional
classesinto the two TIGER lire file designations, by the length of the links. However, for
this geographi ¢ region, the non-exhaust VOC components (eg., hot-soak) for the mgor
HPMS functional classes were aso alocated to the links. For both non-exhaust and
exhaust emissions on the minor HPM S functiona class, the spatia alocation was by
population. Since a portion of this region was within the 4km X 4km modding sub-grid
and the remainder was inthe 16km X 16km regional modeling grid, TNRCC developed two
modeling emission files. T hese files were not merged together as they represent different
spatial resolutions.

The temporal distribution of the ozone season daly emissions was done in two
steps. First the ozone season daily emissions were adjusted for day-of-week. TNRCC used
day-of-week adjustment factors, previoudy developed for the COA ST project, based upon
day-of-week varidgionsin VMT. Thesefactorsconvert ozone season daly emissionsto
week-day (i.e., Monday through Thursday), Friday, Saturday or Sunday daily emissions. As
an example, for July 3" of the DFW 1996 episode which was a Wednesday, the ozone
season daily emissions were adjusted to represent a Friday, and for July 4™ to represent a
Sunday. The same day-of-week adjustmernt factors were used for all counties, except those
counties with coastal shorelines (eg., Matagorda county). Based uponthe COAST project,
in coastal counties week-end (i.e., Saturday & Sunday)VMT was typically larger than week-
day, which is opposite that for non-coastal counties. The second step was to distribute the
day-of-week daily emissonsdiurnally. Again, TNRCC used the diurnal profiles previoudy
developed as a part of the COAST project. There were separate profiles for non-coastal
and coastal counties, as well as for day-of-week.

The chemical eciation profiles used by TNRCC for this geographical region were
based upon an analyds of the Mt. Baker Tunnel Study conducted by Desert Research
Institute (DRI) (i.e., Dr. Fyita). Althoughthe Mt. Baker Tunnel Study reportedly reflects
usage of non-reformulated gasolines, these speciation profiles may be applicableto this
geographical region.

For the geographical region comprising the other states, which are al within the
regional 16km X 16km modeling grid, TNRCC used ozone season daily, county-wide
emissions obtained from the 1996 NET. Both the non-exhaust and exhaust emissonswere
spatially dlocated using the popul ation surrogate  Thusno roadway linkswere used for
spatialy alocating any of the on-road emissionsin the other sates. For example, emissions
were not allocated to Interstate Highway 35 in Oklahoma, but rather most of the emissions
would have been allocated to Oklahoma City and Tulsa because of the higher popul ation
dengty.

The ozone season daily emissionswer e not adjusted for day-of-week, but the same
diurnal profiles used for the remaning Texas counties region (i.e, those courtiesnot part of
the 37-county DFW Study area or the 11-county HG & BPA nonattainmernt areas) were
used for the other states. Thisincludes the different profiles for non-coastal versus coastal
counties TNRCC used the EPS2.0 default chemicd geciation profiles for the VOC’ sfrom
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on-road mobile sourcesin thisregion.

In general, EPA/6 feels the procedures TNRCC used to develop the on-road source
emissions are acceptable.

d. Biogenic Sources

The biogenic emissions were developed for two separate geogr aphical regions:

1. The 37-county D-FW Study Area, and

2. The regional modeling domain.
The 37-county D-FW Study Areais slightly different than the 37-county D-FW Study Area
Grid for the on-road sources. The 37-county D-FW Study Areafor the biogenics
correspondsto the original core modeling domain.

For the 37-county D-FW Study Area, TNRCC egimated emissons from biogenic
sources using parts of two biogenic emissions models. The Emissions Modeling System 95
(EMS95) module cdled BIOME was used primarily because of the ability to more eadly
incorporate locally-developed biomass, and EPA’ s Biogenic Emissons Inventory System
2.0 (BEIS-2) was used primarily based upon expert advice that BEIS-2 possessed the
better emission factors. To use the BEIS-2 amission factors with BIOME, TNRCC had to
convert the form of the BEIS-2 emission factors to that used by BIOME. TheBEIS-2
emission factors are in the form of a flux term (i.e., ug/m?/hr) and BIOME uses emission
factors in the form of aratio of the emission as carbon (C) to the leaf biomass (LBM) (i.e,
ug-C/g-LBM/hr). This requires a knowledge of the geographical LBM dersity (i.e., g-
LBM/n¥). TNRCC indicated that they used LBM dendties pubished in Geron, et al.1994.
“An Improved Modd for Estimating Em ssions of Vol &ile Organic Compounds From
Forests in the Eastern United States’ and the 1996 EIIP. For some vegetative species
BEIS-2 emisson factors were not available, so TNRCC used published emisson factors
fromWilkinson, et al.1995. “ An Inter-conparison of Biogenic Emission Estimates From
BEIS-2 and BIOME: Reconciling the Differences’ and Benjaminand Winer.1998.
“Estimating the Ozone Forming Potential of Urban Trees and Shrubs.”

Asindicated, TNRCC used BIOME to utilize the locally developed veget ative and
land use data. For the 37-county D-FW Study Area, TNRCC obtained this data from the
NCTCOG (un-published) and the Texas Parks and Wildlife Department (MacMahan, et
al.1984. “TheVegdation Typesof Texas’). Inaddition, ENVIRON under cortract to
TNRCC (Yarwood, et a.1997. “Find Report: Leaf Biomass Dengty Datafor North-
Central Texas’), conducted afield survey of representative locations throughout the 37-
county D-FW Study Areato identify vegetative specie types within the various land use
categories and estimate their LBM density. Agricultural cropswere not included in the
ENVIRON field survey. TNRCC estimated the crop specific vegetative species and the
LBM densities from 1995 county-wide crop harvest data provided by the U.S. Department
of Agriculture, National Agriaulture Statistics Service.

For the regional modeing domain, TNRCC used BEI S-2 primarily sncethe only
readily available biogenics land use data base was the one incorporated in BEIS-2.

EPA/6 feel sthe procedures TNRCC used to devel op the biogenic emissions are
acceptable. The initial biogenic emissions inventory was changed consideraldy, in part, due
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to the unrealistically high isoprene concentrations generated in CAMX.
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Table 3 summarizesthe modeling emissions TNRCC devel oped for the various
sour ce categories for the 4-county DFW nonattainment area. This modeling emissions
inventory was termed the basedd emissions.

Table 3. Summary of Base4d Modeding Emissions
4-County DFW Nonattainment Area

Source June 1995 Episode July 1996 Episode
Categories VOC NOx VOC NOx

Point Sources 29 tpd 81 tpd 29 tpd 99 tpd
Areal/Off-road 252 tpd 127 tpd 294 tpd 156 tpd
On-road 206 tpd 308 tpd 235 tpd 314 tpd
Biogenic 327 tpd 10 tpd 453 tpd 13 tpd
Totals 814 tpd 526 tpd 1010 tpd 583 tpd

e. Base Case Emissions Inventory Evaluation

For many of the technical procedures used to develop modeling emission
inventories, TNRCC used alternate applications (e.g., state-of-the-science) that should
provide better estimates of the episode specific emissions from the various sources. EPA
is supportive of the alternative techniques and additional efforts TNRCC has employed to
produce better modeling emission estimates. In addition to the use of improved emissions
modeling techniques, TNRCC conducted a specia aerometric monitoring study of the DFW
nonatai nmert area during the sunmer of 1996. Thisstudy included the moritoring of
ambient VOC’s from the deployment of two gas chromatographs (GC's), which have
continued to operate as part of the PAMS program for the DFW nonattainment area. One
of the stated goas of the PAMS program, which includes the monitoring of ozone
precursors, isto provide datato evaluate photochemical models and their inputs. The
availability of precursor data provides the opportunity to further evaluat e the emissons
inventory by making comparisons, wher e appropriate, between the emissions estimates and
monitored data of theprecursors Thisis a compelling opportunity, since the precursorsare
the parameters that are reduced to test control gtrategies and since TNRCC used alternative
gpplicationsto estimate the emissions from various sources (e.g., biogenics). T hus, having
some indication of how well the emissions estimates and monitored ozone precursors
compare, provides an additional indication of the reliability that can be placed on the
alternative applications as well as the modeled control strategy results.

Althoughthereisno reguirement tha this type of an emissions inventory eva uaion
needs to be part of the SI P attainment demonstration, TNRCC committed, in the modeling
protocol for the DFW attainment demonstration, to use the data from the 1996 special
monitoring study to evaluate the base case emissions inventory. EPA/6 was receptive to the
emissions inventory evaluation since it would help validate TNRCC' s use of alternative
techniques for estimating emissions. Asareault, TNRCC did use some of the more obvious
incondgendes beaween the CAMx modeling results and the ambient measurementsto
adjust the base case modeling emissions. For example, comparisons of monitored and
modeled isoprene concentrations, a “finger-print” biogenic VOC, using the base4d
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emissonsindicated that biogenic emissonswere likely over-estimated. Based upon this
incondgstency in the concentrations of isoprene and the avalability of anew biogenic
emissions modeling system called GLOBEIS, available from ENVIRON, TNRCC
developed a new emissions modeling inventory, termed Baseb.

The new emissions modeling inventory, Baseb, also included changes to point,
arcraft and on-road mobile emissions. Although these changes did not the result from the
comparison of modeled and monitored precursor concentrations. The changes to the point
source emisgons involved adding a small number of sources which had inadvertently been
left out of the Base4d emissions modeling inventory. The changesto the aircraft emissons
involved treating emissions occurring during approaches and climb-outsas a series of
pseudo elevated point sources. This had the effect of redistributing emissions to the upper
layers of the model. The changes to the on-road mohile emissions involved accounting for
emissions associated with traffic incidents, such as accident sthat notably reduce speeds and
thereforeincrease emissions. These changes are examplesof the TNRCC's use of
alternative emission estimating techniques.

TNRCC subsequently developed another new emissions modeling inventory, termed
Base6. Baseb was developed as a result of changes made to the construction equipment
emissions. Under contract to TNRCC, Eastern Research Group (ERG) conducted a study
of construction equipment emissions in the Houston/Galveston nonattainmen area. ERG
also developed a scaling procedure, primearily based upon equipment population, to estimae
revised condruction equipment emissonsin the DFW nonattainment area.

Finally, TNRCC devel oped emissions modeling inventory Base6a. Base6a included
changes to emissions from airport ground-support equipment at Alliance, Meachem, Love,
and DFW Internationa Airports developed by the Airline Transport Association (ATA), and
another revison to the congtruction equipment emissons addressed in Base6. This
additional revision to the construction equipment involved ugng the survey based
operations data instead of the EPA defaultsinthe Non-Road model. Similar to the emission
edtimate revisons that created the base5 modeling emissionsinventory, the revisons
creaing base6 and base6a are examples of the TNRCC's useof alternaive emission
estimating techniques.

Table 4. presents a comparison of base6a and base4d modeling emissions for the 4-
County DFW nonattainment area. Asthe table shows, the largest differenceisin the
biogenic sources, however, there was a notable change to the arealoff-road NOx emissons
The decrease in the aredl off-road N Ox emissions from the base4d to the base6a emissions is
primarily areault of the revisionto the construction equipmert emissions.
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Table 4. Comparison of Base6a & Basedd Modeling Emissions
4-County DFW Nonattainment Area

Source Basedd 7/96-Episode Base6a 7/96-Episode
Categories VOC NOx VOC NOx

Point Sources 29 tpd 99 tpd 29 tpd 99 tpd
Area/Off-road 294tpd 156 tpd 293 tpd 123 tpd
On-road 235 tpd 314 tpd 235 tpd 322 tpd
Biogenic 453 tpd 13 tpd 258 tpd 27 tpd

Totals 1010 tpd 583 tpd 815 tpd 571 tpd

2. The DPW Projected 2007 Emisdons|nventory

In developing a projected 2007 modeling emissions inventory, TNRCC first
developed afuture, 2007 base, which consisted of adjusting the episodic (i.e., June‘ 95 and
July *96) modeling emissions for growth and regulations (i.e., federal and state) already
contemplated for implementation prior to 2007. The procedures used to develop the
adjustments to account for the growth and impending regulations were specific to the
various emission source categories. The biogenic emissions wer e assumed to remain the
same.

In concert with the progression of the gpisodic modding emission inventories from
Base4d to Base6a, there were aseries of future 2007 base modeling emisson invertories.
Asde from reflecting the various episodic emission changes (e.g., changes to aircr aft
emissions), there were also some changes in the procedures for developing the adjustments
for growth and the impending reguations. The future 2007 base modeling emission
inventory derived from Base4d was termed 2007b, and the future 2007 base modeling
emission inventory derived from Base6a was termed 2007k. From the series of future 2007
base modeling emission inventories, TNRCC then created control strategy modeling
emission inventories. These control strat egy modeling emission inventories were created by
further adjusting the future 2007 base modeling emission inventories to account for
additional control measures (e.g., 9-county 1/M) being considered. These control measures
were in addition to the impending regulations aready accounted for in the 2007 base
modeling emission inventories. Thus a considerable amount of modeling was conducted
before the final control strategy modeling emisson invertory (i.e, D7) Was created.

a. Future 2007 Point Source Emissions

For devdopment of theinitial 2007 base point source emissons(e.g., 2007b),
TNRCC divided the point sources into two groups. electrical generating facilities (EGFS)
and non-€electrical generating facilities (NEGFs). Thiswasdone primaily to accommodate
the impending regulations from two lawsthe 1999 Texas L egidature passed to reduce
emissons. One of the laws, Senate Bill 7 (SB-7), mandated that Grandfathered (i.e., un-
permitted) EGFs in Central and Eastern Texas (i.e., attainment areas) reduce their NOx
emissions to 50% of their 1997 levels. The other law, SB-766, encourages grandfathered
NEGFs, through economic incentives, to voluntarily acquire state permits, which would
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require these sources to meet current Reasonalle Availalde Cortrol Technology (RACT).
It wasestimaed by TNRCC, tha if 100% of the grandfathered NEGFs acquired sate
permits, thiswould reduce their combined emissions by about 30%. Along with these
legidative mandates, TNRCC adopted a rule to reduce NOx emissions from permitted
EGFs stae-wide, cons dered another impending regulation.  TNRCC s rule is intended to
reduce permitted EGFs emissions in Central and Eastern Texas by 50% of their1997 levels,
and 30% of their1997 levels elseawhere.

Since the provisions of SB-7 and the TNRCC'’ s rule are based upon 1997 NOx
emission levels, adjustments for growth and impending regulations of the EGF emissions
were not devdoped to apply to the Basedd, which was based upon 1995 and 1996 emi ssion
levels. Instead, TNRCC devdoped a 1997 EGF emissionsinventory fromCEM data
available in the Acid Rain Program Data Base (ARPDB). The ARPDB CEM datafor the
threemonths of June, July & August 1997 wereaveragedto arrive & atypicd ozone season
daily emission, and the hourly CEM data were used to develop a diurnal emissions profile.
No growth was assumed for these sources, so the adjust ment was only for impending
regulations. To generate the 2007 base for EGFs, TNRCC reduced al EGFstypica ozone
season daily emissions (i.e., grandfathered and permitted) in Eastern and Centra Texas by
50% and by 30% in the remainder of the state, excluding the DFW and HG nonattainment
areas asthey will have more stringent controls.

For the NEGFs, the adjustments for growth and impending regulations were applied
to the Base4d modeling emissions inventory. To project growth in the NEGF emissons,
TNRCC abandoned the REMI/EGASS technique they had proposed. Thiswasdue to a
concernthat the REMI/EGAS technque, which is primarily based upon economic growth
would over-estimate emisson growth, since newer NEGFs with new technology, are
expected to be less polluting. In addition, TNRCC concluded from their own survey that
point source emissions have been decreasing across the state. Using this survey, TNRCC
developed growth factors for four Texas regions within the modeling domain:

1. the 4-county DFW nonattainment area,

2. the 8-county HG nonattainment area,

3. the 3-county BPA nonattainment area, and

4. the remaining counties in Texas within the modeling domain.

The survey was only detailed enough, to develop growth factors for these four
regionsasawhole. That is, dl NEGF point sources within agiven region were assigned the
same growth factor with out regard to their spedfic ource category code. For each of
these four areas the growth factor was less than or equal to 1.000, indicating a decline or no
growthinemissions between 1996 and 2007. Theadjustment for impend ng regulationsto
the NEGF emissions were based only upon the provisionsof SB-766. So, NEGF sources
which were identified as grandfathered were reduced by 30%, pamitted NEGFs were not
reduced. For sources whose status could not be determined, a weighted average of 13%
reduction in emissions was used. As with the EGFs, these control factors were not applied
to NEGFsin the DFW and HG nonattainment areas, asthey will have more stringent
controls.

To account for new sources of EGF & NEGF, TNRCC compiled the emissions for
new air permits the state had approved or that were under review as of October 1999.
Emissions from these sources (i.e., primarily EFGs and cement kilns) within 100 miles of the
DFW nonattainment area were included in the 2007 base point source emissions. A further

19



adjustment was made to the point sourcesin the BPA nonattainment areato account for the
substantial amount of banked emissions. Therefore the growth factor for the EGF & NEGF
in the BPA nonattainment area was adjusted to account for the re-occurrence of banked
emissions. TNRCC has an emission reduction credit (ERC) banking program. Barked
emissions are not included in emission inventories, but they are available for use by fadlities
that may need emission credits. Therefore banked emissions should be accounted for in the
future emissonsinventory. However, no banked emissons, asof 1997, were included in
the 2007 base modding emissonsinventory for either HG or DFW.

For point source emissions in those states included in the NOx SIP Call, TNRCC
used an overall NOx emissions adjustment factor of 0.41 (i.e., a 59% reduction). For those
states not included in the NOx SIP Call, TNRCC used an overall point source NOx
emissions adjustment factor of 0.70 (i.e., 30% reduction). Presumally, TNRCC feels that
non NOX SIP Call gateswill also beforced to reduce their NOx emissions by 2007. Asfor
off shore point sources, TNRCC assumed no impending controls.

b. Future 2007 Area and Off-Road M obile Sources

Similar to projecting growth in the point source emissions, TNRCC abandoned the
REMI/EGAS technique they had proposed. Thiswas dueto aconcernthat the
REMI/EGAS technique, generally predicted growth which appeared too small given the
recent growth in the whole region. TNRCC used the estimated population growth in the
modding domain as the surrogate for the growth in the areaand off-road emissions. For
the DFW 4-county nonattainment area, TNRCC used growth projections obtained from the
Texas Comptoller and for the remainder of Texas, growth projections obtained from the
Texas A & M University. For the other states within the modeling domain, TNRCC used
the 1990 Series A population growth estimates from the U.S. Census Bureau.

For the 2007 area and off-road base modeling emissions invertory (e.g., 2007b),
TNRCC only induded those controls associated with impending federal regulations(e.g.,
off-road diesl). The control adjugmentsfor most of the pertinert off-road sources were
determined using the EPA NONROAD model, by setting the 1995/96 to 2007 growthto
zero and raioing the resuting emissonswith the Basedd episodic modeling emissons In
addition, TNRCC induded stage | vapor recovery within Central and Eastern Texas aspart
of the 2007 areaand off-road base modding emissonsinventory.

TNRCC combined the county population growth estimates with the controls for the
applicable areaand off-road source categories to generate the adjustment factorsto apply
to the Base4dd modeling emissions to generat e the 2007b future base modeling emissions.

c. Future 2007 On-Road M obile Sources

TNRCC used the same methodol ogy to develop the 2007 on-road mobile source
emissions as was used for the 1995/96 episodic modeling emissions. Different techniques
were used for different portions of the modeling domain.

For the 5-county DFWRTM area, the future 2007 on-road emissions were
developed by NCTCOG using their travel demand model and MOBILES5a. The modeling
inputs included the projected 2007 roadway network, demographics data, NLEV and
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HDDV standards, Phase |l RFG, Texas Motorist Choicel/M (i.e., Dallas & Tarrant
counties only) and Tier [I/Low Sulfur rule. In addition, for the 2007 on-road emissions,
TNRCC assumed a vehicle age distribution with a lower average age. TNRCC justifiesthis
change indicating that recent Texas D epart ment Of Transportation (TXDOT) shows the
current average vehicle ageto be lower than in previousyears. Finally, smilar to the
development of the Base4d, an adjustment (i.e., 1.056) was made to account for the
difference between HPMS and travel demand model VMT estimeates.

The on-road emissions for the other Texas counties, excluding the 11-county HG &
BPA nonattainment areas, were developed using county-wide 2007 VMT estimates for each
of aght HPM S roadway types obtained fromTxDOT. MOBILESb wasused to generate
2007 emission factors assuming the Texas cleangasoline rule (i.e., a6.7 RVP), the lower
average age vehicle distribution, and the federal Tier 11/low sulfur standards.

As apart of theattainment modeling for the 8-county HG and 3-county BPA
nonattainment areas TNRCC devdoped 2007 on-road mohile source emissions  Similar to
the DFWRTM area, the HG and BPA 2007 on-road emissions were developed using a
travel demand model coupled with the M OBILESa emissionsfactor model. Modding to
estimatethe future 2007 emissions was actually conducted by the Texas Transportaion
Ingtitute (TTI) using roadway network and demographic information provided by the
Houston-Galveson Area Council of Governmentsand TXxDOT. Further, the emission
factors were generated assuming NLEV and the Tier 2/Low Sulfur. These on-road
emissions were devd oped for afour daysperiod of Wednesday through Saturday, for which
Wednesday and Thursday constituted a week-day type, Friday was a specific day type and
so was Saturday. Thus there were three files for the 2007 on-road emissionsfor the HG
and BPA area TNRCC used thewesk-day filefor July 1% and 2" , and the Friday file for
Jduly 3",

For the other states, the 2007 on-road emissons were estimated by applying an
adjustment factor to their Base4d emissions. The adjustment factor was deter mined by
averaging theratio of the 2007 on-road to the Base4d on-road emissions for all Texas
counties.

The following table (Table 5) summarizes the future 2007 base emissons(i.e.,
2007b) and comparesthemwith the episodic base emissions Base4d, for the 4-county
DFW nonattainment area.

Table5
Summary of 2007b & Comparison with Basedd Modeling Emissions
4-County DFW Nonattainment Area

Source NOx Emissions % vVOC Emissions %
Category Basedd 2007b change Basedd 2007b change
Points 99.4 77.0 -225 29.0 28.8 -0.0
Area/Non- 156.3 159.0 +1.7 293.8 301.3 +2.6
Road

On-Road 314.5 211.6 -32.7 234.7 135.5 -42.3
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Total 570 448 -21.4 558 466 -16.5

d. Future 2007 Emissions I nventory Progression

As mentioned above, in concert with the progression of the episodic modeling
emission inventories from Base4d to Base6a, there were a series of future 2007 base
modeling emission inventories. For the most part, the progression in the 2007 modeling
emissions was due to changes in the episodic emissions, which have aready been discussed.
However, there were afew changesthat only affected the 2007 emisdon egimates.

Based upon comments from EPA/6 staff, the assumptions regarding point source
growthinthe various portions of Texas were revised. Thisbadcdly addressed the issue of
banked emissions applicable to NEGFs. In addition, TNRCC removed the SB-766 NOx
reductions, and instead included the Agreed ordersfor Texas Eastman and ALCOA. For
EGFs there was a change to the 1996 to 1998 emissions level upon which the 50% NOx
reduction as per SB-7 and TNRCC’ s Rule would apply. T he future 2007 on-road emissions
were revised, incorporating new Tier 2/Low Sulfur factors obtained from EPAs 1999,
“Tier2/Sulfur, Draft Regulatory Impact Analysis” The reault of these various changes (i.e.,
2007k emissions) for the 4-county DPW area are presented in Table 6, which also compares
these emissions with Base6a.

Table 6
Comparison of Base6a & 2007k M oddling Emissions
4-County DFW Nonattainment Area

Source NOx Emissions % vocC Emissions %
Category Base6a 2007k change Base6a 2007jk change
Points 99.4 123.2 +23.9 29.0 30.1 +3.8
Area/No 123.3 136.5 +10.7 2934 304.4 +3.7
n-Road

On-Road 322.4 216.1 -33.0 234.7 135.8 -42.1
Total 545 476 -12.7 957 471 -154

Asindicated in Table6, in the 4-county nonattainment area, NOx emissions areto be
reduced by about 13% and VOCs by about 15% due to the combine effects of growth and
impending emissions.

TNRCC modeled a number of control strategies using the 2007k future base
induding srategy D 5,1, Which is the attainmert strategy. Table 6a summarizes the change
in emissonsfrom base 6ato 2007k to strategy D 1+

Table 6a
Comparison of Base6a, 2007k & D ,++ Modeling Emissons (tpd)
4-County DFW Nonattainment Area

Emissions VOC

Source NOXx Emissions
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Category Base6a 2007k Darr Base6a 2007jk Datr
Paints 99.4 123.2 234 29.0 30.1 30.1
Area/Non- 123.3 136.5 106.6 293.4 304.4 285.0
Road

On-Road 322.4 216.1 164.3 234.7 135.8 107.6
Total 545 476 294 557 471 423

G. Modd Performance

As indicated under the section on goisode selection, TNRCC selected two episodes
for this attainment demonstration modeling. They were the June 19-22, 1995 and July 1-4,
1996 episodes. Although as mentioned above, TNRCC developed a series of episodic base
emissions, model performance evaluations for Base6a are addressed. These evauations
consisted of statistical and graphical performance measures, aswell as diagnostic and
sengtivity anadlyses. These attributes of performance are to be used in conjunction with one
another. Thus, if the statistics are within the suggested ranges, but the graphicd and/or
diagnostic ad sensitivity analyses indicate performance problems, simulation results used
for assessing control strategies should be considered with caution.

The nodel performance evad uation based upon staigicd measures consists of
comparing the modeled versus monitored ozone “Unpaired Peak Accuracy”, “Normdized
Bias’, and “Gross Error” with the suggested limitsin the EPA Guideline. Typically, these
measures are considered first, since aninability to meet the suggested statistical limits,
generally means unacceptable performance. Next, the evaluation based upon graphical
measures consisting of comparing time series of monitored and modeled ozone and ozone
precursor concentrations and comparing modeled ozone concentration contours with
monitored ozone data is conducted.

The time-series plots depict the hour-by-hour comparison of monitored and modeled
concentrations at each monitoring site. The qualitative performance criteria for time series
plots corsist of the models ahility to reproduce the monitored peak concentraion, the ability
of the modd to reproduce the diurnal pattern, and the ability of the model to reproduce the
timing of the observations. The modeled 0zone concentration contours maps are plots of the
isopleths of modeled ozone concentrations at a given hour over the modeling domain. The
gualitative performance criteriafor concentration contour maps consists of the model’s
ability to generat e concentration plumesthat are spatialy and temporally consistent with the
monitored concertrations. Thisis done by viewing a set of these maps (e.g. hour-by-hour),
which also include the monitored concentrations, to observe the formation of the
concentration plumes, their trgjectories, and their decay, inrelationship to the monitored
concertrations.

The model performance evaluation based upon diagnostic and sersitivity analyses
congged of testing the regponse of modeled ozone to changes in the various model inputs
(i.e, meteorology, emission inventory, andinitial & boundary conditions) . The evaluation
criteriais again quaitative, and congsts of direction (i.e., increase or decrease) and

23



magnitude of the ozone response being reasonable and consistent with the conceptual
mode.

1. The June 19-22, 1995 Episode

The June 19-22, 1995 exceedance episode occurred with very typicd meteorology,
cadm morning conditions (i.e, stagnation). This particular meteorologica regime is
associated with the largest number of exceedances for the DFW area. For thetwo primary
episode days (i.e., 6/21-22/95), the maximum ozone recorded was 144ppb, which isonly
dlightly higher than the 139ppb design value.

a. Statistical Meaures

Table 7 showsthe statistical performance of the modd for this episode The
statistical parameters are withinthe EPA suggested limits for both of the primary episode
days, as well as the preceding day. The normalized bias datistic indicates that on average
for the monitored values greater than 60ppb, the model tended to under predict ozone
concentrations. This is most notable for June 21* for which the model also under predicted
the maximum monitored ozone. In addition, the comparability of the normalized bias and
gross error for the 21 suggests that the ozone concentration was under predicted at the
individual stations. However, overall this is acceptable statistical model performance.

Table 7.
Statistical Performance for the June 20-22, 1995 Episode
Episode | Normalized Gross Unpaired Peak | Simulated Measured
Date Bias> 60ppb | Error>60ppb | Accuracy Peak Ozone | Peak Ozone
(5 - 15%) (30 - 35%) (15 - 20%) (ppb) (ppb)

6/20/95 -8.1 12.8 7.9 128 119
6/21/95 -10.1 12.2 -7.8 133 144
6/22/95 -8.8 12.5 19 138 135

b. Graphical Measures

Figures 4 and 5 show time series of the modeled versus monitored hourly ozone
concentrations at selected sites in the DFW area for the June 20-22, 1995 episode,
respectively. These sites were selected since on one or both of the primary days either the
monitored or modeled ozone concentrations were greater than or equal to 125ppb. Fgure
4, for June 21* shows the under prediction of ozone at all four monitoring sites as indicated
by the statistics. There are notable unde predictions of the peak nonitored ozone,
especialy at DANC, the North Dallas site. The diurnal patern on the 21% seemsto be fairly
well replicated at these sites.  Although at DMAC, the Denton County Airport, the model
appears to have much more ozone carried over to the 22™. At DANC, the modd appears
to be carrying over too little ozone. Inaddition a the DANC dte, the afternoon declinein
the modeled ozone appearsto occur about anhour too early. Withregard to the timing of
the peak monitored versus peak modeled ozone, they were within one hour of one another
at each of the selected monitors. On the 22™ (Figure 5,), there were only two monitoring
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siteswhich recorded ozone exceedances (i.e, DANC & DCLC). The model slightly under-
predicted the maximum monitored ozone a these sites. The diurna profile appearsto be
fairly well replicated, again with the exception, that at the DANC site the afternoon decline
in the modeled ozone occurs about an hour too early. The timing of the modeled peak at
these two sdected siteslagsthe monitored peak by two hours and three hours, respedively.
Although these features somewhat detract from the model performance, they are withinan
acceptable variance when compared to other modeling applications.

Figure 6 shows graphics of the ozone concertration contour plots of the maximum
daily modeled ozone for June 21 and 22, 1995. Also shown are the maximum monitored
ozone concentrations. Asthe plots show, the pume of ozonein excessof 125 ppb appears
to be well located with regard to the monitoring site measuremerts on both days. In fact
the location of the maximum modeled ozone is quite Smilar on both days, occurring
between the DANC and DCLC sites. On the 21%, the geographic extent of the plume of
excess 0zone may be alittle small, especialy to the west where both the Kedller (KELR) and
the Denton County (DAMC) sites recorded ozone maximums of 125ppb, and the model
predicts values less than 110ppb. On the 22, the geographic extent of the plume of excess
ozone gppearsto fit the monitored ozone maximaquite well.

Oveall, the graphical evduaionindicated suitable performance of the modeling for
this episode. Although there appears to be a noticeall e under-prediction on the 21%, it is
not considered unacceptable.

c. Diagnostic and Sensitivity Analyses

TNRCC conducted a number of diagnostic and sensitivity andyses for this episode
Diagnostic analyses consisted of zeroing the anthropogenic emissions, zeroing theintial
and boundary conditions, and boundary tracers. Sensitivity analyses consisted of using
EPA default initial and boundary conditions, using regional scale wind fields and using 75%
of the biogenic VOC emissions. These diagnostic and sensitivity andyses were not
conducted using the Base6aemissions, but rather were conducted on an earlier version (e.g.
based) of the episodic emissions for this June 1995 episode.  Since the changes between the
earlier version and base6a are somewhat notable (e.g., biogenics), there is some question as
to the usefulness of these analyses in accessing the performance of the episodic modeling
using base6a. However, even eval uating the dagnostic and sersitivity and yses based upon
the earlier version may be instructive in determining whether the model reponses ae
reasonald eand conggent.

As expected for the zero anthropogenic emissions diagnostic for June 21% & 22",
0zone concentrations are very much lower than monitored. In fact & + 30ppb, they are
dightly lower than the generaly presumed back ground of 40ppb. The results of zeroing the
initial and boundary conditions for these two days indicae there is a somewhat uniform
ozone reduction of about 5ppb, being alittle morein the geographica area where the plume
of excess 0zone was predicted by the modd. Without the influence of the initia and
boundary conditions, ozone concentrations are expected to be lower, but generally they ae
lower by around 20ppb.

TNRCC also conducted diagnostic tracer analyseson the initial and boundary
conditions. The results of the tracer analysis on the initial conditions were somewhat
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aurprising, indicating that 30 to 60 percent of the tracer (i.e., initid conditions) was till
present on the 21% and 20 to 30 percent on the 22™. Thus even at the end of this five day
episode, a notable resdud from theinitia conditions could be influential. Asa result of this
analysis, TNRCC revised the initial conditions file for this episode, using monitored ozone,
nitrogen oxides and car bon monoxide concentration instead of the default values. The
results of the tracer analysesfor the boundary conditions (i.e., laterd and top) are
summarized in Table 8 for both the 21% and 22™. Asindicated in the table, for both the 21
and 22" the West and Souther n tracers suggest anegligible influence. However, the
Eastern and Northen boundary tracers do indicate the possihility of some influence,
especially the Northern boundary with 20to 40 percert of the tracer covering the 4-county
area by the 22™. Also of note isthe potential influencefromthe top boundary condition
whichis up to 20 percent by the 22"

Table 8
Boundary Tracer Analyses
4-County DFW Nonattainment Area

Primary TOP South West North East
Episode Day | Boundary Boundary Boundary Boundary Boundary
June 21, 10 - 20% ~0% ~0% 10 - 20% ~10%
1995

June 22, 20+% < 5% ~0% 20 - 40% 5-10%
1995

However, TNRCC did conduct a sengtivity andyss of the boundary conditions, in
which background default values were used for all boundaries (i.e., including the top). For
this sengitivity, TNRCC aso used back ground default values for the initial conditions, so the
comparison of the results are not specific to just the boundary conditions. The background
default values were listed previoudy in Table 2, asthe values for the western boundary. The
results of thissensitivity analyss are summarized in Table 9, where the statistical
performance measures are compared with the modeling results for an earlier base4 and the
current base6a. T he comparison in Table 9 indicates that the change in the initial and
boundary conditions produces an indggnificant change to the modd performance. Thisis
especialy evident in comparison to the change between base4 and base6a, where the
negativity of the normalized biasis notably increased. Thus, based upon these comparisons
the modeling results appear to have very little sendtivity to changesin theinitia and
boundary conditions, even though the tracer analyses seem to indicate there wasthe
posshility for larger influences. Thisresult isreasonable and consstent, snce conceptudly
theinitia and boundary conditions are not expected to have much influence on ozonein the
nonattainment area.

The Core Wind sensitivity analysis involved substituting the regional 16KM X
16KM SAIMM gridded wind field for the DFW area 4KM X 4KM SAIMM gridded wind
field. Aside from the difference in the east/west (U) and north/south (V) wind speed
components arising from the use of different grid cell sizes, the regional SSAMM winds
were devel oped using spatial ly-constant surface characteristics whereas the winds were
developed using spatialy-varying surface characteristics for the smallee DFW area. Thus
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the wind speed componerts for each se of axteen- 4KM X 4KM grid cellscoincident with
al16KM X 16KM grid cel from theregiond SIAMM were replaced with the same wind
gpeed components from the 16KM X 16KM grid cell. Theresultsof this sengtivity andyss
are also summarized by considering the change in the model’s performance statisticsand are
shown in Table 9. Smilar to the initid and boundary condtions sensitivity, the sensitivity
to the winds appears to be quite insignificart, again, especidly in comparison to the change
between based4 and base6a. | n the documentation accompanying the SIP, there were some
wind field graphics displaying the substituted regiona winds and the DFW Corewinds. The
graphics show very little change in the hourly wind speedsand directionsfor the two
primary episode daysof the 21% and 22™. For example the mean difference in wind speed
for any hour was no more than + 0.4nm/s, and much less during the mor ning hours on the
two primary days.

The biogenic sengtivity analysisinvolved reducing the biogenic VOC emissions by
25 percert. Like theprevioussensitivity andyses thsone used the earlier based sts of
inputs. A summary of the reaults of thisanalysis ispresented inTable 9.  These summary
satistics show a notable change from the base4 and are actualy more comparable to the
base6a statistics The baseda biogenic VOC emission for June 21 & 22 were estimated at
294tpd and 324tpd, respectively, for the 4-county DFW nonattainment area.  With a 25%
biogenic VOC reduction, June 21 & 22 would have been modeled with 220tpd and 243tpd,
respectively. The base6abiogenic emissions for these two days were estimated at 160tpd
and 171tpd respectively. Thusthe biogenic V OC sensitivity anaysis was not as large asthe
difference between the baseda and base6a. However, even with the 25% hiogenicVOC
reduction, anotable influence on 0zone concentrations was seen. Thisreault isreasonable
and consigent, since conceptually the biogenic emissions are expected to have arather large
influence on ozone concentrations.

Table9
Summary of Sensitivity Analyses, June 1995 Episode

Sensitivity NB>60 GE>60

Anal yses 6/21 : 6/22 6/21 : 6/22
Base6a -10.1 : -8.8 12.2 : 12.5
Base4 -3.0: -2.6 10.5 : 10.4
IC & BC s -1.9 : +1.3 10.2 : 10.6
Core W nds -1.9: -2.6 11.3 : 10.5
Bi ogeni cs -10.1 : -9.9 13.0 : 12.8

Overdl, the diagnostic and sengitivity analyses indicate changes to the ozone
concentrations which are conceptually reasonable and consistent. Thus, even though these
analyses wer e conducted using an earlier version of the episodic modeling emissions, the
results seem adequate and supportive of the models performance.

2. The July 1-3, 1996 Episode
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The July 1-3, 1996 exceedance episode occurred with very typicd meteorology,
southerly morning wind conditionson the first two days. This particular meteorological
regimeis associated with the second largest number of 0zone exceedances days for the
DFW area. However, for duly 3", the only 1-hour exccedance day for the episode, the
mor ning winds were out of the west-north-west. The maximum ozone recorded for the July
3", primary episode day, was 144 ppb, whichis only slightly higher thanthe 139ppb design
value.

a. Statistical Measures

Table 10 shows the statistical performance of the modd for this episode The
statistical parameters are withinthe EPA suggested limits for the primary episode day, as
well asthe two preceding days. The normalized hiasstatistic indicates that on average for
the monitored values greater than 60ppb, the mode tended to under predict ozone
concentrations. Although, the normalized bias on the 3¢ is quite small. Considering the
normalized bias with the gross error for the 3" suggests that the ozone concentration was
under predicted only slightly more often than over predicted at the individual gations.
Overd | the g atigticd modd performance for the July 3™ primary episode day is acceptable.

Table 10.
Statistical Performance for the July 1-3, 1996 Episode
Episode | Normalized Gross Unpaired Peak | Simulated Measured
Date Bias> 60ppb | Error>60ppb | Accuracy Peak Ozone | Peak Ozone
(5 - 15%) (30 - 35%) (15 - 20%) (ppb) (ppb)

7/1/96 -14.9 17.0 -3.6 108 112
7/2/96 -10.8 16.1 0.3 114 114
7/3/96 -3.4 15.0 10.5 159 144

b. Graphical Measures

Fgures 7a, 7b, and 7c¢ show the time series of modeled versus monitored hourly
ozone concentrations at selected sites inthe DFW area for the July 1-3, 1996 episode.
These sites were sdlected since on the primary day either the monitored or modeled ozone
concertrations were greater than or equd to 125pph. Figure 14, for July 3rd showsthe
somewhat off-setting over and under prediction of ozone at the three monitoring sites
selected for consideration. Thisisfairly consgent with thenormalized biasand grosserror
statistics for the 39.  There are notable over predictions of the peak monitored ozone at
both the Meachem (FWMC) and Keler (KEL C), approximately by 25ppb and 20 ppb,
respectively. Conversely, there is a notable under prediction of the peak monitored ozone at
the Redhird (TX44) by approximately 20 ppb. On the 3rd, only two monitoring Stes (i.e.,
FWMC & TX44) recorded ozone exceedances. The TX44 site recorded the 144 ppb
episode maximum and FWMC recorded 127 ppb.

The diurna pattern on the 3 isonly well replicated at KELC, dthoughit is

generally under predicted. At the other two stesthere are notably missing featuresin the
modeled diurnal pattern. For example, at the FWMC site the monitored values indicate an
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ozone depression mid-afternoon and a rapid decline in ozone after 1800 hours CST. The
modeled values do not show either of thesefeatures. Similarly, a the TX44 gite, the
modeled values do not replicate the rapid decline in ozone after 1600 hours CST that was
monitored. However, except for this feature, the modeled diurnal pattern is comparable,
although generally under predicted.

With regard to the timing of the peak monitored versus peak modeled ozone, at each
of the three sites the peaks were within two hours of one another. In each case the model
peaked earlier than the monitor. However, the period of time between the ozone peak at
TX44 and the pesks at either FWMC or KELC was the same for both the modedl and the
monitors (i.e., 2 hours).

Figure 8 shows the ozone concertration contour plot of the maximum daily modeled
ozone for July 3, 1996. Also shown are the maximum monitored ozone concentrations. As
the plot showsthe plumeof o0zone in excess of 125 ppb gopeas to be displayed dightly to
the north and substantially nore to the west. The maximum ozone concentrations at
FWMC and KELC were both notably over predicted. This displacement of the plume of
ozone in excess of 125 ppb isalso suggested by noting that the maximum modeled ozone
concentration (159ppb) islocated about 15 Km from FWMC and KELC, and about 30 Km
for TX44 which had the maximum monitored ozone (144ppb).

Although there gppears to be a noticeabl e over predi ction and temporal shift a both
the PVMC and KELC sites, and an under prediction at the TX44 dte this may be due to
the displacement of the plume of ozone. In that case, this episode is still suitable, sincethe
amount of ozone produced is correct. Thus even though, the graphical evaluation indicates
that this episode is not replicated as well as the June 1995 episode, the graphical
performance is considered acceptable.

c. Diagnostic and Sensitivity Analyses

Similar to the June 1995 episode, TNRCC conducted the same diagnostic and
sengitivity anayses for this episode. Diagnostic anayses conssted of zeroing the
anthropogenic emissons zeroing the initial and boundary conditions, and boundary
tracers. Senditivity analyses consisted of using EPA default initial and boundary conditions,
using regional scale wind fields, and using 75% of the biogenic VOC emissions. These
diagnostic and sensitivity analyses were not conducted using the Base6a emissions, but
rather were conducted on an earlier verson (e.g. base4) of the episodic emissions for this
June 1995 episode.  Since the changes between the earlier version and base6a are somewhat
notable (eg., biogenics), thereis some question asto the usefulness of these andysesin
accessing the performance of the episodic modeling usng base6a. However, even
evaluating the diagnostic and sensitivity analyses based upon the earlier version may be
instrudive in determining whether the model responses are reasonable and consistert.

As expected for the zero anthropogenic emissons diagnostic for July 3, ozone
concentrations are very much lower than monitored. Infact a about 35ppb, they are only
dightly lower than the generdly presumed back ground of 40ppb. The results of zeroing the
initial and boundary conditions for the 3¢ indicate thereis a somewhat uniform ozone
reduction of about 10ppb inthe geographical area where the plume of excess ozone was
predicted by the modd. Without the influence of theinitial and boundary conditions, ozone
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concentrations are expeded to be lower, but generally they are lower by around 20ppb. So
thiswould indicate less influence from the initial and boundary conditions and more
influence from the local sources.

TNRCC also conducted diagnostic trace analyseson the initial and boundary
conditions for the July 1996 episode. Similar to the results for the June 1995 episode, the
trace analyssof the initid conditions was somewhat surprising, i ndicating that about 60 to
70 percent of thetracer (i.e., initia conditions) was ill present on the afternoon of July
3rd. Thus, likethe June 1995 episode, TNRCC revised theinitid conditions filefor this
episode, using monitored ozore, nitrogen oxides and carbon monoxide concentration
instead of the default values. In contrast to the June 1995 episode, the north, east and west
tracer analyses suggest a negligible influence, whereas, the southern tracer shows a potential
of about 20% by the afternoon of the 3. Also of note is the potentia influence from the
top boundary condition which is up to 20 percent by the 3°.

As mentioned, TNRCC conducted the same sensitivity andyses for the July 1996
episode as for the June 1995 episode Table 11 summarizes the reaults of the sengtivity
analyses for July 3", the primary day for this episode, using the change in the performance
satisicsas a gage of the sengitivity. Astheresultsin the tableindicate, the initia and
boundary conditions produce an inggnificant change to the modd performance. Thisis
especialy evident in comparison to the change between base4 and base6a, wher e the
normalized bias is notably decreased. T hus, based upon these comparisons the modeling
results appear to have very little senstivity to changes inthe initial and boundary conditions,
even though the tracer analyses seemto indicate there was the possibility for larger
influences. In contrast, both the core winds and biogenic sengtivities show notable changes
in the performance statistics.

Table 11
Summary of Sensitivity Analyses, July 1996 Episode
Sensitivity NB>60 GE>60
Anal yses 7/ 3/ 96 7/ 3/ 96
Base6a -3. 4 15.0
Base4 12. 3 20. 8
IC & BC s 16. 6 23.1
Core W nds 23. 4 32. 4
Bi ogeni cs 2.0 16.1

In the documentation accompanying the SIP, there were some wind field graphics
displaying the substituted regional winds and the DFW Core winds. The graphics showed a
very noticeable difference between the regional and the DFW Core winds, especially over
the 4-county nonattainment area. The difference is most apparent in the wind direction,
which differed by up to 30 degrees. Although, there were notable wind speed differences,
especially in the specific 4-county nonattainmernt area, where the regional wind speedswere
larger (i.e., upto 0.7 m/s). Therefore, this sengitivity analysis probably provides a
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difference that is in the range of variability that can be expected for winds. However, as
Table 11 shows, the performance statistics were severely degraded using the regional winds.

Smilar to the biogenic sengtivity for the June 1995 episode, the 25% reductionin
VOC produced a notable change from the base4 that is actualy more comparable to the
base6a statistics The baseda biogenic VOC emission for July 3rd were estimated at 453tpd
for the 4-county DRW nonattainment area. With a 25% biogenic VOC reduction, July 3rd
would have been modeled with 340tpd. The base6a hiogenic emissions for the 3 were
estimated at 258tpd. T hus the biogenic VOC sengtivity analysis was not as large asthe
difference between the baseda and base6a. However, even with the 25% hiogenicVOC
reduction, anotable influence on 0zone concentrations was seen. Thisreault isreasonable
and consigent, since conceptually the biogenic emissions are expected to have arather large
influence on ozone concentrations.

Overdl, the diagnostic and sensitivity analyses indicate changes to the ozone
concentrations which are conceptually reasonable and consistent. Thus, even though these
analyses were conducted using an earlier version of the episodic modeling emissions, the
results seem adequate and supportive of the models performance.

H. Transport from The Houston-Galveston Nonattainment Area

TNRCC submitted evidence of transport from the Houston/Galveston (HG)
nonattainment area to support anextension of the atainment date for the DFW areato
2007. DFW currently has a nonattainment area classification of Serious, and thus has a
statutory attainment date of 1999. The 1999 ozone design value was 137 ppb.

EPA’s guidance on extending attainment dates dueto transport is set forth in the
July 1998 document entitled, “Guidance on Extension of Attainment Dates for D ownwind
Transport Aress.” In the memorandum from Richard Wilson, then Acting Assistant
Admindrator for EPAs Office of Air and Radiation, accompanying the extengon date
policy, it indicatesthat the policyisto address nonatta nmert areasthat are downwind of
other areas that have interfered with the downwind areas ability to demonstrate attanment
by dates prescribed in the 1990 FCAAA. Further, the memo indicates that the attainment
date extension will be approved, if certain criteria are met. Additionally, within the 1998
guidance, EPA saystha it will condder extending the attainment date for an areathat:
(1) has been identified as a downwind area affected by transport from either an
upwind areain the same State with alater attanment date or an upwind areain
another State that significantly contributes to downwind nonattainment. (By
“affected by transport” EPA means an area whose air quality is affected by transport
froman up wind areato a degree tha affects the area’ s ability to attain.);
(2) has submitted an gpprovable attainment demongration with any necessary,
adopted local measures and with an attainment date that shows it will attain the 1-
hour standard no later than the date that the reductions are expected from upwind
areas under the final NOx SIP cdl and/or the stat utory attainment dat e for upwind
nonattainment areas, i.e., assuming the boundary conditions reflecting those upwind
reductions;
(3) has adopted all applicable local measures required under the area’s current
classfication and any additional measures necessary to demondrate atainment,
assuming the reductions occur as required in theupwind areas (To meet section
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182(c)(2) (B), serious areas would only need to achieve progress requirements until
their original attainment date of November 15, 1999);

(4) has provided that it will implement all adopted measures as expeditiously as
practicabl e, but no later thanthe dae by which the upwind reductiors needed for
attainment will be achieved.”

To addressthe fird provison, “that thetransport fromHG affects DFW s ability to
attain the NAAQS’, TNRCC presanted several technical analyses. TNRCCs first technical
andysis usad “Zero-Out” modeling, aprocedure applied in the OTAG modding for
evduding “dgnficant contribution’, asan indication of the effects of HG emissions on
DFW. The elimnation of the HG emissions (i.e., “Zero-Out” modeling) shows there was a
transport of approximately 2 to 10ppb from the HG nonattainment area to the southern and
eastern portions of the DFW nonattainmert area for the two modeled episodes, June 1995
and July 1996. Generadly, in OTAG, a“Zero-out” modeling analysis of the upwind area's
emissions which resulted in a 2ppb or greater impact to the downwind area was considered
significant. Thus, at least on these two episodes, emissions from HG contributed
significantly to ozone concentrations in the southern and eastern portions of the DFW
nonatainmert area. However, thisdoes not suffice to conclude that the contribution from
HG emissions affects DFW’ s ability to attain.

TNRCC included another technical analysis addressing the frequency of transport.
This andyss presented bad tragjectories for 160 DFW 1-hour and/or 8-hour exceedance
days from the five year period 1994 through 1998. These back trajectories showed that
21out of the 160 trgectories traced back to the Upper Texas Gulf Coast. During thisfive
year period, there were 45 1-hour exceedance days (i.e., ~ 28% of the 160) in the DFW
nonattainment area. If it isassumed that the same proportion holds for the 21 trajectories
whichtrace back to the Upper Texas Gulf Coast, then about 6 out of the 45 1-hour
exceedance days have associated transport that may be traced back to the Upper Texas Gulf
Coast. Averaged over the 5-year period, this would indicate that just over one exceedance
per year out of an average of nine for DFW during this period may be assod aed with
transport from the Upper Texas Gulf Coast. This mears that potentially in athree year
period just over three excoedancedays(i.e., aviolation) may be associated with transport
fromthe Upper Texas Gulf Coast.

Takentogethe these two technical andyses indicate the magnitude and frequency of
the affect of HG emissions on the DFW area and that transported pollution may well have
affected DFW s ahility to attain by the current attainment date (i.e., 1999).

TNRCC has submitted a SI P for the DFW nonattainment areathat appearsto be
approvable. The SIP includes the adoption of the local control measures used in the
attainment demongdration. The atta nment demonstraion assumes a2007 attainment date
and a level of emission reductions in HG that takes into account mary of the control
measures (e.g., vehicle tier 2 and low sulfur fuel) expected to be part of the control strategy
needed to achieveattainmert for that nonattainment area. In addition, all control measures
required for a seriousclassification have been adopted for the DFW nonattainment area.
Thus baoth the second and third criterialisted above have been met.

Although the attainment demonstration modeling uses 2007 as an implicit
implamertation date, TNRCCs SIP indicatesthat the inplementation of the various cortrol
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measures constituting the D, will be made as expeditiously as practicalde. For example,
all gate and local control measures are scheduled for implementation no later than 2005.

J. Future Case Modding

The future case modeling was conducted using the projected 2007 El as previoudy
described. The non-point source, projected 2007 El was forecasted from the June 1995 and
July 1996 episodic Els using various assumptions regarding emission growth and controls.
The point source, projected 2007 El wasdeveloped from the maximum daily emissions for
1997, or the maximum 30-day average for the 1996 to 1998 period for EGFs. The
boundary conditions used inthe future case modeling were derived from the regional
modeling (using the OTAG 2007 EI') similar to the boundary conditions used in the
episodic modding. The same meteorologica files were used for the future case as used in
the episodic modeling. Also as indicated in the previous section describing the development
of the 2007 emissions, there were a sries of future 2007 base modeling emission
inventories. The future 2007 cortrol strategy modeling (i.e., D,++) is based uponthe future
2007 base emission inventory derived from Base6a. T able 12 summarizes the modeling
emissions and maxinmum modeled ozone concentrations.
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Table 12
Summary of Modeling Emissions and Maximum Modeed Ozone Concentrations
4-County DFW Nonattainment Area

Scenario Designation Parameter 6/21 6/22 7/3
NOXx 524 tpd 526 tpd 572 tpd
Baseba vVOC 779 tpd 814 tpd 815 tpd
03 133 ppb 138 ppb 159 ppb
NOXx 502 tpd
Future Base VOC 728 tpd
03 121 ppb 126 ppb 144 ppb
NOx 321 tpd
Control strategy, Darr vVOC 681 tpd
03 110 ppb 113 ppb 132 ppb

Asshownin Table 12, the duly 3™ primary day isthe controlling day, and even with
the proposed control strategy, the future predicted dally maximum ozone concentration is
gtill in excess of the NAAQS (i.e., 124ppb). Figure 9 shows ozone contour plots for the
controlling day of July 3", depicting the geographical coverage of ozone for base6a and the
proposed control srategy Darr.

K. Weight of Evidence Applications

EPA’s 1996 guidance, “Guidance on Use of Modeled Resultsto Demongrate
attainment of the OzoneNAAQS”, allows for theweight of evidence (WOE) analy<es to
supplement attainment modeing, when the control strategy modeing leaves afew grid cells
(e.g., 2to 3) with ozone concentrations in excess of the NAAQS. The intent of this
guidance was to be mindful of the ozone standard, which allows for the occurrence of some
ozone exceedances. Thus, even though the control strategy modding may forecast some
areas to still be dightly above the NAAQS, this does not necessarily mean, that with the
implementation of the control strategy, nonitored attainment will not be achieved. In such
stuations, WOE andyses can beincluded, as part of the overall attainment demonstration,
which provide compelling technical implications that monitored attainment will be achieved.

Since the modeling reaults for the D, control strategy forecast some areasto ill be
slightly above the NAAQS (i.e., 132 pppb), TNRCC elected to supplement the cortrol
srategy modeling with WOE andyses for the overal attainment demonstration. Of the
WOE analyses presented, EPA/6 finds the following to be most pertinent: 1) Additional
Ozone Metrics, 2) Future Design Value, and trend analyses.

Table 13 lists some pertinent 0zone metrics for the base6a, the future 2007 base, and
the proposed control strategy, D, for July 3", the controlling day.
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Table 13
Modded Ozone Metricsfor the July 3", Control Day

Modeling Ozone Metrics
Scenarios Peak Ozone Areaw/03>124 Area-Hoursw/O3>124
Base6a 159 ppb 2464 KM? 7232 KM?2hr
Future Base 144 ppb 1404 KM? 3696 KM?2hr
Contrd strategy, Darr 132 ppb 272 KM? 416 KM23hr

Each of these metrics indicates a substantial decrease from the base6ato the control
drategy. For example, the geographical area where modeling predicted thel-hour ozone
concentraionto be greater than the NAAQS (i.e, 124 ppb) is reduced by about 90% from
the Base6a to the D, controlled case

The Future Design Vdue (DV,) WOE analysis is patterned after the methodology
for demongtr ating attainment of the proposed eight-hour ozone standard. Chiefly, the
monitored design value applicableto the episode modded (e.g., 1996), ismultiplied by a
relative reduction factor (RRF), derived from the episode and contr ol strategy modeling
results, to estimate the future design value (DV,). Theandysis considersonly those daysfor
which monitoring or episodic modeling indicate an exceedance of the ozone NAAQS
somewherein therdevant portion of the modding domain. In conducting thisandyss
TNRCC used adata exclusion provision to diminate modeling results where ozone
concentrations were relatively low, which they felt would bias the results. If the base case
modeling resultsin the vicinity of amonitoring site meet one of the following conditions
then the RRF was not used for that station for that day:

1. DV >= 125 ppb and the modeled maximum ozone < 100pppb for asite; or

2. DV <125 ppb and the model ed maximum ozone < (DV -20) ppb for a site.

Although the future design value (DV,) WOE analysis is hot a substitute for the one-
hour attainment demonstration, it can provide anindication of what the DV, may likely be,
given full implementation of the control strategy. Table 14 summarizes the DV, WOE
analyss.

35



Table 14
Summary of the DV; WOE Analysis.

Site ‘95-97 1995 RRF 1996 RRF Mean DV,
Code DV, 6/20 6/21 6/22 7/02 7/04 RRF

DANC 134 ppb 0.84 0.85 0.84 0.89 0.81 0.846 113 ppb
DCLC 129 ppb 0.83 0.85 0.84 0.94 0.81 0.854 110 ppb
DHIC 121 ppb 0.87 0.86 0.89 0.81 0.87 0.860 104 ppb
DTMA 139 ppb 0.81 0.81 0.84 0.82 N/A 0.820 114 ppb
FRIC 132 ppb 0.83 0.83 0.83 0.95 0.81 0.850 112 ppb
FWMC 133 ppb 0.85 0.85 0.85 0.85 N/A 0.850 113 ppb
KELC 131 ppb 0.85 0.83 0.85 0.85 N/A 0.845 111 ppb
TX44 134 ppb 0.86 0.84 0.87 0.81 N/A 0.845 113 ppb

notes: DV isthe episode applicable design value.

DV, is the estimated future design value.
RRF istheratio of the D ,;; to Basebain the vicinity of the sites.
N/A (non-applicable) refersto TNR CC’s data exclusion provision

Table 14 indicates that the DV, at all stations is expected to be less than the
NAAQS.

TNRCC presented trend analysesfor 6-9 am TMNOC (T otd Non-Methane Organic
Carbon), monthly averaged morming NOX, and the ozone desgn vaue. Figure 10 displays
trend linesfor each of these parameters. The TMNOC trend line showsag atigicaly
significant decrease. As presumed by TNRCC thisreduction is probably the result of the
Federal Motor V ehicle Control Program (FMV CP) and the change in fuels to lower vapor
pressure gasolines. Trends analysis of NOx was presented for a number of gtes, which
indicated that some may have had a minor decrease, Some aminor increase and some show
no appreciable change at all. TNRCC's conclusion,to which EPA/6 concurs, was that
compared to the TNMOC change over time, the NOX has not experienced any meaningful
change TheNOx trend grgphic shown in Fgure 10 is based upon a comparable data st to
the TNMOC trend for the DHIC site.

The trend in the ozone design value for the DFW areais shown in the final graphic in
Figure 10. Although this trend shows a decrease over the past few years the ozone design
value appears to haveremained farly congant.

Considering the trends in TNMOC, NOx and ozone together, TNRCC concluded
that the higher TNM OC and ozonein the early 1980s and the lower TNM OC and ozonein
recent yearswasindicative of areduction in the ozone design vaue due to reductions in
VOC. In addition, TNRCC conduded that the rather constant or possibly increasing NOx
trend has hamper ed further ozone reductions and thus NOx needs to be reduced to achieve
further reductions in the ozone design value. Since the modeling strongly suggests that
ozone is most sensitive to NOx reductions and since the trends of NOx and ozone have been
mostly constant over the past 10 years, it seems reasonableto expect the ozone design value
to be reduced by reducing NOx emissions.
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L. Summary

The mode’ s performance in predicting ozone was sufficient to meet EPA’s
performance criteria.  In addition, the demonstration of transport from the HG
nonattainment area, appearsto meet the policy aspect and supports an extention of the
attainment dae to 2007. Further, the attainment demonstration, composed of the control
strategy modeling and WOE analyses is considered acceptable.
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